Purpose: The American College of Surgeons Oncology Group trial Z0011 demonstrated that axillary node dissection (ALND) can be omitted in patients managed with breast conserving surgery and 1 to 2 positive sentinel lymph nodes (SLNs) without adverse effects on locoregional recurrence or disease-free survival (DFS). We investigated patients with breast cancer for whom clinicopathologic features were underrepresented in the Z0011 trial and analyzed radiation therapy treatment patterns and clinical outcomes. Methods and materials: We retrospectively reviewed records of patients who underwent a lumpectomy and SLN biopsy with positive SLNs but not an ALND and completed adjuvant radiation therapy. Eligible patients had T3 tumors, >2 positive SLNs, invasive lobular carcinoma, estrogen receptor negative status, extranodal extension, Nottingham Grade 3, or were age <50 years. Results: We identified 105 women treated between July 2011 and July 2016 with a median followup time of 48.5 months (Range, 11-83 months). There were 40 women with an extranodal extension (38.9%) and 42 women with grade 3 disease (40.0%). Nineteen patients received whole breast irradiation alone (18.1%) and 86 patients were treated with modified tangent fields including the superior axilla level I/II (81.9%). Thirty-three patients (31.4%) also received a 3 rd supraclavicular, nodaldirected field. Among the 86 patients who received axillary nodal irradiation, nodal volume contouring was performed in 77 patients (89.5%). Fifty-one patients (48.6%) also received adjuvant chemotherapy. The overall rates of 4-year DFS and locoregional control (LRC) were 94.3% and 98.1%, respectively. Off all patients, 1 patient experienced an internal mammary nodal recurrence, another patient a contralateral breast tumor, and two patients distant metastases. There were no axillary or ipsilateral breast tumor recurrences. Conclusions: This retrospective analysis of women who were underrepresented or excluded from the Z11 trial and underwent a lumpectomy and SLN biopsy with positive SLNs demonstrated comparable rates of LRC and DFS. The high rates of LRC and DFS suggest that completion ALND
Introduction
The American College of Surgeons Oncology Group (ACOSOG) trial Z11 demonstrated that axillary lymph node dissection (ALND) can be omitted in patients with breast cancer who undergo breast conserving surgery after positive sentinel lymph node biopsy (SLNB) without compromising disease outcomes. The results from the trial demonstrated no significant differences in locoregional recurrence (LRR), disease-free survival (DFS), or overall survival (OS) after SLNB alone versus completion ALND in patients with clinical T1 to T2 N0 invasive breast cancer who present with 1 to 2 positive SLNs. 1 However, translating these results into clinical practice is complicated by the inconsistent use of adjuvant radiation therapy (RT) fields in the study. Fifty percent of patients with available treatment data received high tangent fields that covered the superior level I and II axillary nodes and 15% of patients were treated with a 3 rd level III and supraclavicular nodal (SCN)-directed field. This complicates the interpretation of the data because the contribution of nodal irradiation to the noninferiority of SLNB alone compared with ALND is not clear. 2 For instance, the After Mapping of the Axilla: Radiotherapy or Surgery? (AMAROS) trial demonstrated that regional nodal irradiation (RNI) after positive SLNB can provide similar disease control outcomes as ALND with improved morbidity. 3 Furthermore, the National Cancer Institute of Canada (NCIC) MA. 20 and European Organization for Research and Treatment of Cancer (EORTC) 22922 studies showed significant improvements in DFS after RNI in node-positive or highrisk patients. 4, 5 Collectively, these studies suggest that adjuvant RT with fields that are guided by pathologic characteristics after SLNB without completion ALND can offer improvements in morbidity and mortality in select patients with breast cancer. However, the heterogeneity of RT fields among these trials limits the translation into clinical practice. Moreover, the results may not be generalizable to all patients because the majority of subjects in the Z11 trial were negative for extranodal extension (ENE) and presented with hormone receptor positive cancer and 1 to 2 axillary metastases. Furthermore, many patients had a low burden of axillary disease with micrometastases only.
Herein, we report on the RT treatment patterns and clinical outcomes of patients with breast cancer with features that were underrepresented in the Z11 trial. Specifically, we add to the existing literature with data on omission of ALND in patients with one or more of the following features: T3 tumors, >2 positive SLNs, hormone receptor negative status, ENE, or Nottingham grade 3 histology.
Methods and materials
Patient data from the UPMC Hillman Cancer Center (Pittsburgh, PA) were obtained from the ARiA record and Varian database (Varian Medical Systems, Palo Alto, CA). After institutional review board approval, we identified women with clinically node-negative invasive breast cancer who underwent segmental mastectomy and SLNB with positive sentinel nodes and also received adjuvant RT between July 2011 and July 2016. Our inclusion criteria were broad and included patients with T3 tumors, >2 positive SLNs, invasive lobular carcinoma histology, estrogen receptor negative status, any extent of ENE, Nottingham grade 3, and/or age <50 years. We excluded patients who received neoadjuvant chemotherapy or hormonal therapy, underwent completion ALND or mastectomy, did not receive adjuvant RT, or whose radiation treatment plans were unobtainable. The decision to omit ALND was made after a discussion with the patient with regard to the risks of disease recurrence and the potential morbidity of ALND on the basis of the currently available literature.
Individual patients' RT plans were individually reviewed by a single radiation oncologist using the Eclipse Treatment Planning System (Varian Medical Systems, Palo Alto, CA). RT fields were categorized as whole breast irradiation (WBI) alone using standard tangent fields, modified tangent (MT) fields for coverage of the superior level I and II axilla, or MT and the addition of a 3 rd level III and SCNdirected field.
All data analysis was performed with SPSS Statistics 24 (IBM Corp., Armonk, NY). Binary logistic regression was utilized to test for associations between patient characteristics and delivered RT fields. The Kaplan-Meier method was used to estimate DFS and locoregional control (LRC) rates and the log-rank test was performed to identify potential associations with risk factors.
Results

Patient population
The RT fields, treatment outcomes, and pathological factors in 105 patients who met the inclusion criteria were reviewed. The median patient age was 57 years (Range, 35-90 years). Eighty-five patients (81.0%) presented with invasive ductal carcinoma and 103 patients (98.1%) had negative surgical margins. Eighty-four patients (80.0%) presented with macro-metastases (pN1a) and 40 patients (38.1%) had ENE, including 10 patients (9.5%) with >2 mm ENE and 29 patients (27.6%) with≤2 mm ENE. Ninetynine patients (94.3%) were human epidermal growth factor receptor 2 negative and 42 patients (40.0%) presented with grade 3 disease. The median number of nodes resected and positive nodes were 3 (Range, 1-7) and 1 (Range, 1-3), respectively. Twenty patients had 2 positive nodes, and 1 patient had 3 positive nodes. Comprehensive treatment and patient characteristics are reported in Table 1 .
Treatment characteristics
The median RT dose in this cohort was 50.4 Gy (Range, 40.0-50.4 Gy) and the median boost dose was 10.0 Gy (Range, 8.0-20.0 Gy). Ninety-two patients (87.6%) were treated with conventionally fractionated schedules and 13 patients (12.4%) underwent hypofractionated RT. Threedimensional chemoradiation therapy was used for planning in 56 patients (53.3%) compared with tangential beam intensity modulated RT in 49 patients (46.7%). Nineteen patients (18.1%) received WBI alone and 86 patients (81.9%) were treated with MT fields including the superior axilla level I/II. Thirty-three patients (31.4%) also received a 3 rd SCN-directed field. Among the 86 patients who received axillary nodal irradiation, nodal volume contouring was performed in 77 patients (89.5%). Fifty-one patients (48.6%) also received adjuvant chemotherapy.
Factors that predict radiation therapy field use
Binary logistic regression demonstrated a trend toward a significant association between modified-tangent axillary coverage and estrogen-receptor negative status (P = .094). Binary logistic regression also revealed a trend toward an association between the use of a 3 rd SCN field and pN1a disease (P = .062), positive ENE (P = .058), and increased tumor size (P = .062).
Treatment outcomes
The median time to follow-up among living patients was 48.5 months (Range, 11-81 months) and the DFS (Fig 1) and LRC rates at 4 years were 94.3% and 98.1%, respectively. Univariate analyses demonstrated no association between DFS and treatment of the axilla (P = .574), use of a 3 rd SCN-directed field (P = .180), pT stage (P = .435), pN stage (P = .843), overall stage (P = .272), estrogenreceptor negative status (P = .0.321), progesterone-receptor negative status (P = .0.905), human epidermal growth factor receptor 2 positive status (P = .0.545), invasive ductal vs lobular histology (P = .271), Nottingham grade 3 (P = .169), positive margins (P = .724), or use of adjuvant chemotherapy (P = .107). The univariate analysis did demonstrate an association between decreased DFS rates and any extent of ENE (P = .025). There was a trend (P = .051) toward decreased DFS when ENE was categorized into no ENE, ≤2 mm ENE, or >2 mm ENE, with 4-year DFS rates of 100%, 89.3%, and 78.8%, respectively (Fig 2) . Among the subset of 40 patients with ENE positive, 2 patients (5.0%) developed distant metastases. One patient with ≤2 mm ENE was diagnosed with osseous, pulmonary, and adrenal metastatic disease at 14 months from diagnosis and remained stable on systemic therapy 26 months later. The 2 nd patient had >2 mm ENE and was diagnosed with a regional recurrence at an ipsilateral internal mammary node 38 months from the time of diagnosis. She subsequently developed hepatic metastases 6 months later and died of the disease 15 months thereafter.
Discussion
We report on a retrospective analysis of adjuvant RT outcomes in a population of 105 patients who underwent lumpectomy and SLNB without ALND and were underrepresented in the ACOSOG Z11 trial. Our cohort of patients IMRT, intensity modulated radiation therapy; WBI, whole breast irradiation.
Figure 1
Kaplan-Meier estimate of disease-free survival.
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with risk factors for disease recurrence including hormone receptor negative tumors, Nottingham grade 3 histology, macro-metastases, and ENE demonstrated favorable outcomes after SLNB and adjuvant RT with the omission of ALND, which suggests that ALND after SLNB can potentially be omitted in this population. These findings are noteworthy given the recognized morbidities that are associated with ALND including paresthesia, lymphedema, shoulder pain, seroma, and wound infection. [6] [7] [8] The Z11 trial found that the addition of ALND to SLNB alone was a significant predictor of wound infections, paresthesia, and axillary seromas (70% in ALND vs 25% in SLNB alone) as well as self-reported lymphedema at 1 year after treatment (28% vs 15%) and beyond. 9 Notably, a large proportion (39%) of our cohort had pathologic findings of ENE, which is typically an indication for ALND after SLNB. 10 ENE involves the extension of tumor cells beyond the lymph node capsule and parenchyma, which often spreads to the surrounding extranodal fat. The current standard of care for patients with ENE is ALND after SLNB and several studies have suggested that an increased axillary nodal burden is associated with ENE. The current literature reports incidence rates between 58 and 84% for nonsentinel nodal involvement in patients with ENE. [11] [12] [13] For comparison, the rate of nonsentinel nodal involvement in patients in the ACOSOG Z11 trial, which excluded patients with ENE, was 27%. Additional studies have reported an association between ENE and the diagnosis of pN2 breast cancer. 14, 15 Among the 40 patients with ENE, 2 patients (5%) developed distant metastatic disease. Both were treated with RNI including level I/II of the axilla and a 3 rd SCNdirected field. The fact that neither patient experienced failure within the axilla suggests that a completion ALND likely would not have prevented the development of distant metastasis.
As with ENE, Nottingham tumor grade, lymphovascular spread, and hormone receptor negative status also represent validated risk factors for nonsentinel nodal involvement. [16] [17] [18] [19] [20] [21] Therefore, patients who present with these characteristics are expected to benefit from additional targeted axillary treatment beyond SLNB. 22 However, our results suggest that a de-escalation from ALND, which is the current standard of care in this cohort, to SLNB plus adjuvant WBI with axillary and with or without SCN RNI in these patients can provide favorable outcomes with the potential to reduce morbidity and particularly from lymphedema.
Even though both RNI and ALND are associated with an increased lymphedema risk compared with WBI alone, current evidence suggests lower toxicity rates with the addition of RNI over ALND. The AMAROS trial demonstrated significant increases in lymphedema at 1 year after treatment and beyond in node-positive patients who were treated with ALND compared with those who received RNI. 4, 23 Moreover, patients undergoing ALND may still benefit from RNI. Ninety-six percent of patients in the NCIC MA.20 trial received an ALND and this cohort experienced lower Advances in Radiation Oncology: July/September 2018 disease recurrence after RNI. The study authors also postulated that these benefits would still occur in the absence of ALND on the basis of comparable recurrence rates between the ALND and non-ALND arms of the Z11 trial. 4 Therefore, the disease control benefits of adding RNI to WBI appear to be achieved without introducing the unnecessary toxicities of ALND. As such, SLNB followed by adjuvant RNI may represent the optimal balance of disease outcomes and toxicity for this population of patients given the present data examined in the context of the existing literature.
The favorable outcomes in our population may be partially attributed to the use of directed adjuvant RT on the basis of patients' clinicopathologic characteristics, which may reduce the risk of recurrence in patients who met the Z11 criteria. 24 Additional nodal metastases were identified in 27% of the ALND arm in the Z11 trial but <5% developed LRR despite the heterogeneity of the treatment fields. 1 In the AMAROS trial, 33% of the ALND arm had additional nodal metastases and the recurrence rates were similarly low. 3 The AMAROS trial, in contrast with the Z11 trial, treated the non-ALND arm with comprehensive RNI volumes. Thus, although the efficacy of adjuvant RT in the prevention of LRR is clear, uncertainty remains in the optimal nodal volumes that should be included. The majority of patients (82%) in the present study received, at minimum, coverage of levels I and II of the axilla with modified tangents and nodal volumes were contoured in most patients.
The rate of utilization of a 3 rd SCN field (32%) was lower, which may be due to the fact that many patients were treated prior to the final publication of the AMAROS, EORTC, and NCIC RNI trials. [3] [4] [5] We identified a trend toward the utilization of a 3 rd SCN field with pN1a disease, positive ENE, and increased tumor size. These women were apparently selected for more intensive treatment due to elevated risk factors for recurrence but despite the fact that they had less favorable baseline disease characteristics, their rates of DFS were not worse than those of the rest of the population.
The MA.20 and EORTC 22922 trials collectively demonstrated a 1% to 2% improvement in regional control with the addition of RNI. 4, 5 This translated to an approximate 3% to 5% benefit in overall DFS, which suggests that the impact of RNI extends beyond improving regional control. Regional lymph nodes that harbor subclinical disease are a potential source of distant seeding and comprehensive RNI may thereby reduce the risk of distant metastasis and improve overall outcomes. Notably, RNI fields in the MA.20 and EORTC 22922 trials included elective coverage of the internal mammary nodes (IMNs) but the vast majority of our patients did not receive IMN coverage.
Elective IMN coverage remains controversial due to a lack of benefit shown in prior trials and the potential risk of increasing late cardiac toxicity. 25, 26 However, more recent evidence has demonstrated a benefit to IMN radiation; thus, at our institution the threshold for electively covering IMN in high-risk patients has decreased and particularly in those with right-sided tumors. 27 Notably, 1 patient with >2 mm ENE developed an ipsilateral IMN recurrence and subsequent distant metastasis. This patient was treated with RNI that did not include elective coverage of the IMN chain.
The limitations of this study include the follow-up time and patient numbers. However, with newer data to substantiate RNI, many recent patients are no longer treated according to the Z11 trial. Thus, this study provides valuable data in a patient group that may be difficult to study moving forward. Axillary recurrences have been reported at a median of 15 to 30 months, which is well within our median follow-up time of 48.5 months. 28, 29 Furthermore, while others have validated the Z11 trial outcomes after omitting ALND in women with sentinel node involvement, this is the first study to our knowledge that demonstrates favorable DFS and LRC after ALND omission in women who did not meet the Z11 study criteria. 24 Our results appear promising to reduce potential morbidity in clinical practice because the data demonstrate excellent outcomes with directed adjuvant RT in patients who present with high-risk features such as ENE, Nottingham grade 3 disease, or hormone receptor negative tumors despite the omission of ALND.
A significant limitation of this study is its retrospective nature, which precludes the identification of causal relationships. The low number of events further limits the ability to identify significant associations with patient outcomes. As such, further prospective work needs to be done to validate these findings. Moreover, our cohort contained relatively few patients with Stage 3 disease, estrogenreceptor negative status, and positive surgical margins. Therefore, our analyses may lack the statistical power to generate robust conclusions about the omission of ALND after SLNB among these subgroups. Nonetheless, these favorable results add to the growing body of literature on ALND omission after SLNB and provide an impetus for additional study in underrepresented patient populations.
Conclusions
This retrospective analysis of women who were underrepresented or excluded from the Z11 trial and underwent a lumpectomy and SLN biopsy with positive SLNs demonstrated comparable rates of LRC and DFS. The high rates of LRC and DFS suggest that completion ALND may be safely omitted in this patient population but larger data sets and longer follow-up times are needed to confirm this finding.
